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Ethylene regulates many aspects of plant growth and development. In the presence of ethylene,
the C terminus of EIN2 (EIN2C) translocates into the nucleus and activates transcription. Li et al.
and Merchante et al. show that EIN2C also regulates translation through an interaction with the
30 UTRs of transcripts.Ethylene is a gaseous plant hormone
known to affect diverse aspects of plant
growth and development, including leaf
abscission, germination, leaf epinasty,
senescence, and fruit ripening, as well
as biotic and abiotic stress responses.
The ethylene-signaling pathway in plants
is well understood. Ethylene is perceived
by the ETR1/ETR2/ERS1/ERS2/EIN4 re-
ceptors on the endoplasmic reticulum
(ER) membrane. In the absence of
ethylene, the receptors activate CTR1, a
Ser/Thr kinase that suppresses the
ethylene response. This is accomplished
by phosphorylation of another ER mem-
brane protein EIN2, a critical component
of the ethylene signaling pathway (Alonso
et al., 1999) (Figure 1A). In the presence of
ethylene, EIN2 is no longer phosphory-
lated, and its C terminus (EIN2C) is
cleaved by unknown proteases and trans-
located into the nucleus where it activates
the master transcriptional regulators EIN3
and EIL1 (Qiao et al., 2012) (Figure 1B).
Not only the activity of EIN3 is modu-
lated by ethylene signaling via the ‘‘cleave
and shuttle’’ of EIN2—its abundance is
also subjected to regulation by ethylene.
EIN3 is a short-lived protein that is
degraded by the ubiquitin proteasome
system in the absence of ethylene, a
process that is mediated by two ubiquitin
E3 ligases containing the F-box pro-
teins EBF1 and EBF2 (An et al., 2010)
(Figure 1A). In the presence of ethylene,
EIN2C promotes the degradation of
EBF1/2 and EIN3 accumulates in the nu-
cleus (Figure 1B).
Although EIN3/EIL1-dependent tran-
scriptional regulation constitutes a major
fraction of the ethylene response, the dis-
covery that some rapid ethylene growth
responses are EIN2 dependent but don’trequire EIN3/EIL1 led to speculation that
the pathway branched after EIN2 (Binder
et al., 2004). In this issue of Cell, two pa-
pers by Li et al. (2015) and Merchante
et al. (2015) may have provided the mo-
lecular basis for this second pathway in
Arabidopsis.
Merchante et al. (2015) start their study
by asking if ethylene has any effect on the
translation of specific genes. They use
genome-wide ribosomal footprinting and
RNA-seq to identify genes that are trans-
lationally regulated by ethylene. Interest-
ingly, EBF1/2 are among the genes, and
their translation is downregulated by
ethylene (Merchante et al., 2015). Li
et al. (2015) come to the same conclusion
by a different approach. They follow up on
an earlier observation that mRNA frag-
ments containing the 30 UTR of EBF1/2
accumulate in an ethylene-insensitive
mutant and find that overexpression of
this 30 UTR results in the unresponsive-
ness to ethylene stimulation (Olmedo
et al., 2006). This effect is due to
increased translation of the EBF1/2
mRNA in the presence of excess 30 UTR
and a subsequent decrease in EIN3
levels, suggesting that the 30 UTR of
EBF1/2 is involved in ethylene-mediated
translational control of EBF1/2.
Protein translational control has several
advantages. The response to a signal can
be very rapid, and because the mRNA
template is not destroyed, regulation is
easily reversible. The process is often
mediated by the binding of regulatory pro-
teins to the 50 or 30 UTR. Moreover, micro-
RNAs can also bind to the 30 UTR of the
target RNA to control either mRNA decay
or translation of the target protein (Jia
et al., 2013, Mayr and Bartel, 2009). Often,
mRNAs that are not translated aggregateCell 163into cytoplasmic mRNP granules, known
as P-bodies and stress granules, where
they may be degraded.
In thecaseofEBF1/2, bothLi et al. (2015)
and Merchante et al. (2015) show that
the decreased translation of EBF1/2 by
ethylene signaling is dependent on EIN2
but independent of EIN3/EIL1. Following
up on this genetic evidence, the authors
further demonstrate that EIN2C binds to
the EBF1/2 30 UTRs, either directly or
indirectly, to regulate translation of the
respective proteins (Figure 1B). Finally,
the authors show that EIN2C, the EBF1
30 UTR, and EIN5 all localize in cyto-
plasmic P-bodies upon ethylene stimula-
tion (Figure 1B). Thus, it is possible that in-
hibition of translation is due to recruitment
of the RNAs to the P-bodies.
In the paper by Merchante et al. (2015),
these studies of translational regulation
converge with a second project, a genetic
screen to identify new genes that are
required for ethylene response. Among
the genes recovered in this screen are
three members of the nonsense-mediated
RNA decay machinery, UPF1, UPF2,
and UPF3. Since the UPFs are known to
inhibit translation, the effects of the upf
mutants onEBF1/2 translationwere tested
(Merchante et al., 2015). Indeed, the upf2-
10 mutation clearly reduces ethylene-
dependent translational regulation of
EBF1/2 mRNAs. The authors also provide
evidence that UPF2 co-localizes with
EIN2C in the P-bodies and propose that
the UPF proteinsmay facilitate the interac-
tion between EIN2C and the 30UTR of
EBF1/2 mRNAs.
These studies shed light on the function
of the enigmatic EIN2 protein and deepen
our understanding of the ethylene-sig-
naling pathway. There are a number of, October 22, 2015 ª2015 Elsevier Inc. 543
Figure 1. Transcriptional and Translational Regulation in the Ethylene Signaling Pathway
(A) In the absence of ethylene, ethylene receptors (ETR1/ETR2/ERS1/ERS2/EIN4) on the ER membrane activate CTR1, a Ser/Thr kinase, which phosphorylates
another ER membrane protein EIN2C. The F-Box proteins EBF1 and EBF2 bind and degrade the master transcription factors EIN3 and EIL1 via the ubiquitin
proteasome system, preventing the ethylene-stimulated transcription cascade.
(B) In the presence of ethylene, receptors perceive ethylene at the ER membrane and no longer activate CTR1. As a result, unphosphorylated EIN2 is cleaved by
an unknown mechanism, and the cleavage product, the C terminus of EIN2 (EIN2C), shuttles to the nucleus, where it activates the master transcription factors
EIN3/EIL1 and the downstream transcription cascade. Concurrently, cytoplasmic EIN2C directly or indirectly binds to the 30 UTR of EBF1 and EBF2 mRNAs,
which inhibits their translation.interesting questions that remain to be
answered. The precise mechanism of
how EBF1/2 translational regulation is
achieved by EIN2C is yet to be described.
How EIN2C specifically recognizes the 30
UTR of EBF1/2 transcripts, what features
of the UTR are important, and if and how
additional factors are involved in the
binding and subsequent translational
repression warrant further investigation.
It is possible that recruitment of the
EBF1/2 to the P-body is itself sufficient
to inhibit translation (Maldonado-Bonilla,
2014). Alternatively, EIN2C, or another
interacting protein such as UPF2 may
directly inhibit translation, perhaps by
preventing the formation of the 43S initia-
tion complex. Another important ques-
tion is that of the fate of EBF1/2 RNAs
once they reach the P-body. Are they
degraded or can they be released and
subsequently translated anew? Finally,
it is still not clear what factors down-
stream of EIN2mediate the rapid ethylene544 Cell 163, October 22, 2015 ª2015 Elseviresponse. Although the effect of ethylene
on EBF1/2 translation reported in these
studies is independent of EIN3/EIL1,
because EBF1/2 regulate the EIN3 protein
level, the outcome of EBF1/2 translational
regulation still requires EIN3. Presum-
ably, other targets of EIN2-dependent
translational regulation are responsible
for the rapid ethylene response observed
previously (Binder et al., 2004). In any
case, an enhanced understanding of
ethylene signaling may have important
practical benefits. Many aspects of
plant physiology and development are
mediated by ethylene, and the ability to
manipulate the pathway in crops is likely
to lead to important improvements in
crop yield.REFERENCES
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